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PANCREATIC ISLET GENES REGULATED BY GLUCOSE 

FIELD OF THE INVENTION 

The invention relates to novel polynucleotides, including partial and full- 
length cDNA molecules, full length messenger RNA comprising coding sequence 
related to the polynucleotides, full length genes encoding the messenger RNA, and 
polypeptides encoded by the polynucleotides, and methods for producing and using the 
polynucleotides and polypeptides. 

BACKGROUND OF THE INVENTION 

The islets of Langerhans are small groups of cells in the pancreas that 
function as an endocrine gland to secrete the hormones insulin and glucagon. These 
hormones regulate the sugar content of the blood. Insulin serves to promote the uptake 
of glucose by cells of the body. Inadequate secretion or utilization of insulin can result 
in diabetes. The identification of genes whose expression is regulated by glucose levels, 
particularly genes that are expressed in pancreatic islet cells, provides tools for the 
understanding, diagnosis and treatment of diabetes and other conditions. 

SUMMARY OF THE INVENTION 

The invention provides polynucleotides that are differentially expressed 
in response to glucose. In one embodiment, the invention provides a polynucleotide 
comprising the nucleotide sequence of any one of SEQ ID N0S:1-17, a polynucleotide 
that encodes a variant of the polypeptide encoded by the nucleotide sequence, or a 
polynucleotide that encodes a protein expressed by a polynucleotide having the 
nucleotide sequence of any one of SEQ ID N0S:1-17. In one embodiment, the 
polynucleotide is a vector. The invention also provides, a host cell transfected with the 
vector, and a method of producing a polypeptide comprising culturing the host cell and 
recovering the polypeptide so produced. The invention additionally provides a 
polypeptide encoded by the nucleotide sequence of any one of SEQ ID N0S:1-17, a 
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polypeptide encoded by a gene comprising the nucleotide sequence of any one of SEQ 
ID N0S:1-17 or a variant of one of the above polypeptides. 

In addition, the invention provides methods of determining whether a 
subject exhibits normal expression of a gene regulated by glucose. One such method 
comprises obtaining a tissue sample from the subject, measuring an expression product 
of a gene comprising a nucleotide sequence of any one of SEQ ID N0S:1-17 in the 
sample, and comparing the expression of the measured gene product with expression of 
the same gene product by normal cells. A difforence in expression between the sample 
and the normal cells is indicative of abnormal expression of a gene regulated by 
glucose. In one embodiment, the method fiirther comprises contacting the tissue with 
more than about 5 mM glucose, preferably about 10 to about 30 mM. glucose, prior to 
measuring the expression product of the gene. In one embodiment, the expression 
product of the gene is measured before and after contacting tissue with glucose. 

The invention also provides a method for detecting a human gene 
comprising one or more of SEQ ID N0:l-17, the method comprising obtaining in 
computer-readable format at least one of SEQ ID NO: 1-1 7, comparing the sequence 
with polynucleotide sequences of a human genome, and identifying one or more human 
genome sequences having at least 95% sequence identity to SEQ ID N0:l-17 as 
determined by the Smith-Watennan algorithm using an afifine gap search with a gap 
open penalty of 12 and a gap extension penalty of 1 as parameters. 

DETAILED DESCRIPTION OF THE INVENTION 

Altered expression of 17 novel genes has been detected in INS-1 cells in 
response to glucose exposure. These genes are likely to be among those that regulate or 
manifest the physiological changes brought about by exposure to glucose. The B cells 
of the pancreatic islet store insulin in secretory granules. Upon an increased blood 
concentration of, for example, glucose, the cells release the insulin by exocytosis. 

INS-1 cells are a highly differentiated rat B cell line and are a suitable 
model for the cellular changes that occur in vivo. See, for example, Kennedy et al. 
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1996, J. Clin. Invest. P5:2524-2538, who report on changes in mitochondrial and 
cytosolic Ca^* levels in INS-1 cells. Thus, this cell line is an appropriate choice for 
investigating changes in gene expression in response to glucose exposure. 

Accordingly, the invention relates to polynucleotides comprising the 
disclosed nucleotide sequences, to full-length cDNA, mRNA and genes corresponding 
to these sequences, and to polypeptides and proteins encoded by these polynucleotides 
and genes. The polynucleotides correspond to genes expressed in pancreatic islet cells, 
and whose expression is regulated by glucose treatment. The term ''nucleic acid" or 
"polynucleotide" refers to a deoxyribonucleotide or ribonucleotide polymer in either 
single- or double-stranded form, and unless otherwise limited, encompasses known 
analogs of natural nucleotides that hybridize to nucleic acids in a manner similar to 
naturally-occurring nucleotides. Unless otherwise indicated, a particular nucleic acid 
sequence includes the complementary sequence. 

Also included are polynucleotides that encode polypeptides encoded by 
the polynucleotides of the invention. The various polynucleotides that can encode these 
polypeptides differ because of the degeneracy of the genetic code, in that most amino 
acids are encoded by more than one triplet codon. The identity of such codons is well- 
known in this art, and this information can be used for the construction of the 
polynucleotides within the scope of the invention. 

Polynucleotides encoding polypeptides and proteins that are variants of 
the polypeptides and proteins encoded by the polynucleotides and related cDNA and 
genes are also within the scope of the invention. The variants differ from wild type 
protein in having one or more amino acid substitutions, insertions or deletions that 
enhance, add, or diminish a biological activity of the wild type protein. Once the amino 
acid change is selected, a polynucleotide encoding that variant is constructed according 
to the invention. 

A polynucleotide will fall within the scope of the invention if it has more 
than 65% sequence identify, preferably 75% sequence identity, more preferably 85% 
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sequence identity, and most preferably at least 95% sequence identity, such as 96%, 
97%, 98% or 99%, to one of SEQ ED N0:l-17. 

The invention also relates to methods of producing and using the 
disclosed polynucleotide and polypeptide molecules. The molecules can be used to 
identify fiinctions of the glucose-regulated genes, and in the diagnosis and treatment of 
diseases such as diabetes. 

The invention provides polynucleotides that are differentially expressed 
in response to glucose treatment. In one embodiment, the invention provides a 
polynucleotide comprising the nucleotide sequence of any one of SEQ ID N0S:1-17, a 
polynucleotide that encodes a variant of the polypeptide encoded by the nucleotide 
sequence, or a polynucleotide that encodes a protein expressed by a polynucleotide 
having the nucleotide sequence of any one of SEQ ID N0S:1-17. In one embodiment, 
the polynucleotide is a vector. The invention also provides a host cell transfected with 
the vector, and a method of producing a polypeptide comprising culturing the host cell 
and recovering the polypeptide so produced. In addition, the invention provides 
polynucleotides comprising at least about 12 contiguous nucleotides of any one of SEQ 
ID N0S:l-17, which can be used, for example, as probes. 

The invention also provides polynucleotides having at least 65% 
sequence identify, preferably at least 75% sequence identity, more preferably at least 
85% sequence identity, and most preferably at least 95% sequence identity, such as 
96%, 97%, 98% or 99%, to one of SEQ ID N0:M7, as determined by methods known 
in the art. A preferred and non-Umiting method is the Smith- Waterman homology 
search algorithm as implemented by the MPSRCH program (Oxford Molecular) using 
an affine gap search with the following search parameters: gap open penalty of 12, and 
gap extension penalty of 1. 

Thus, the invention encompasses nucleic acid molecules ranging in 
length from at least about 12 nucleotides (corresponding to at least 12 contiguous 
nucleotides of one of SEQ ID NOS: 1-17) up to a maximum length suitable for one or 
more biological manipulations, including replication and expression, of the nucleic acid 
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molecule. The invention includes, but is not limited to, (a) nucleic acid having the size 
of a fiiU gene, and comprising at least one of SEQ ID NOS: 1-17; (b) the nucleic acid of 
all or a portion of (a) also comprising at least one additional gene, operably linked to 
permit expression of a fusion protein; (c) an expression vector comprising (a) or (b); (d) 
a plasmid comprising (a) or (b); and (e) a recombinant viral particle comprising (a) or 
(b). Construction of (a) can be accomplished as described below. 

The sequence of a nucleic acid comprising at least 12 contiguous 
nucleotides of any one of SEQ ID N0S:1-17, preferably the aitire sequence of at least 
any of SEQ ID NOS: 1-1 7, is not limited and can be any sequence of A, T, G, and/or C 
(for DNA) and A, U, G, and/or C (for RNA) or modified bases thereof, including 
inosine and pseudouridine. The choice of sequence will depend on the desired function 
and can be dictated by coding regions desired, the intron-like regions desired, and the 
regulatory regions desired. Where a sequence of any one of SEQ ID NOS: 1-1 7 is 
within the nucleic acid, the nucleic acid obtained is referred to herein as a 
polynucleotide comprising the sequence of any one of SEQ ID NOS: 1-17. 

The invention further provides fragments of the disclosed polynucleotide 
sequences. Preferred fragments are 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 
140, 160, 180, 200, 220, 240, 260, 280, 300, 350, 400, 450, 500, 550, 600, 625, 650, 
675 or 680 contiguous nucleotides of SEQ ID N0:1; 10, 15, 20, 25, 30, 40, 50, 60, 70, 
80, 90, 100, 120, 140. 160, 180, 200, 220, 240, 260, 280, 300, 350, 365 or 360 
contiguous nucleotides of SEQ ID N0:2; 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 
120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 350, 375, 380, 390, or 400 contiguous 
nucleotides of SEQ ID N0:3; 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 
160, 180, 200, 220, 240, 260, 280, 300, 350, 355, 360 or 364 contiguous nucleotides of 
SEQ ID N0:4; 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 
220, 240, 260, 280, 300, 305, 310, or 315 contiguous nucleotides of SEQ ID N0:5; 10, 
15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 
300, 350, 375, 400, 405 or 409 contiguous nucleotides of SEQ ID N0:6; 10, 15, 20, 25, 
30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 350, 
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375, 400, 425, 450, 475, 500, 525, 550, 575, 580, 590, 600, or 605 contiguous 
nucleotides of SEQ ID N0:7; 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 
160, 180, 200, 220, 240, 260, 280, 300, 350, 375, 400, 425, 450, 460, 470, 480, 485, or 
487 contiguous nucleotides of SEQ ID N0:8; 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 
100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 350, 375, 400, 425, 450, 460, 
465, 470 or 473 contiguous nucleotides of SEQ ID N0:9; 10, 15, 20, 25, 30, 40, 50, 60, 
70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 350, 375, 400, 425, 
450, 460, 465, 470 or 472 contiguous nucleotides of SEQ ID NO:10; 10, 15, 20, 25, 30, 
40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 350, 375, 
400, 425, 450, 460, 465, 470, 480, 485, or 490 contiguous nucleotides of SEQ ID 
N0:11; 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 
240, 260, 280, 300, 350, 375, 400, 425, 450, 475, 500, 525, 550. 575, 600, 625, 650, 
675, 700, 710, 715, 720, 725 or 726 contiguous nucleotides of SEQ ID N0:12; 10, 15, 
20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 
350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, 675, 700, 710, 715, 
720, 725, 730, 740, 750, 760, 765, 770 or 771 contiguous nucleotides of SEQ ED 
N0:13; 10. 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 
240, 260, 280, 300, 350, 375, 400, 425, 450, 475, 500. 525. 550, 575, 580, 590, 600, 
605, or 607 contiguous nucleotides of SEQ ID N0:14; 10, 15, 20. 25, 30, 40, 50, 60, 70, 
80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 350, 400, 450, 500, 550, 
600, 625, 650, 660, 665, 670, or 674 contiguous nucleotides of SEQ ID N0:15; 10, 15, 
20, 25. 30, 40. 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200. 220, 240, 260, 270, 275, 
280. 283 or 285 contiguous nucleotides of SEQ ID N0:16; or 10, 15, 20, 25, 30, 40, 50, 
60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 310, 320, 330, 
340, 345, 350, 352, or 353 contiguous nucleotides of SEQ ID NO:17. 

The polynucleotides disclosed herein include trans-cleaving catalytic 
RNAs (ribozymes), which are RNA molecules possessing endoribonuclease activity. 
Ribozymes are specifically designed for a particular target, and the target message must 
contain a specific nucleotide sequence. They are engineered to cleave any RNA species 
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site-specifically in the background of cellular RNA. The cleavage event renders the 
mRNA unstable and inhibits protein expression. Importantly, ribozymes can be used to 
inhibit expression of a gene. 

The invention provides ribozymes that specifically cleave a 
polynucleotide comprising the nucleotide sequence of any one of SEQ ID N0S:1-17. 
In one embodiment, a ribozyme is used to inhibit expression of a gene for the purpose 
of detecting its function in an in vitro or in vivo context, by measuring the phenotypic 
effect. In another embodiment, a ribozyme is used to inhibit expression of a gene to 
achieve a therapeutic effect. 

One commonly used ribozyme motif is the hammerhead, for which the 
substrate sequence requirements are minimal. Design of the hammerhead ribozyme is 
disclosed in Usman et ah, 1996, Current Opin, Struct. Biol. 6:527-533. Usman et al. 
also discuss therapeutic uses of ribozymes. Ribozymes can also be prepared and used 
as described in Long et al, 1993, FASEB J. 7:25; Symons, 1992, Ann. Rev. Biochem. 
61:641; Perrotta et al., 1992, Biochem. 37:16-17; Ojwang et al, 1992, Proc. Natl. Acad. 
Sci. (USA) 59:10802-10806; U.S. Patent No. 5,254,678. Ribozyme cleavage of HIV-I 
RNA is described in U.S. Patent No. 5,144,019; methods of cleaving RNA using 
ribozymes are described in U.S. Patent No. 5,116,742; and methods for increasing the 
specificity of ribozymes are described in U.S. Patent No. 5,225,337 and Koizumi et al., 
1989, Nucleic Acid Res. 77:7059-7071. Preparation and use of ribozyme fragments in a 
hammerhead structure are also described by Koizumi et al., 1989, Nucleic Acid Res. 
77:7059-7071. Preparation and use of ribozyme fragments in a hairpin structure are 
described by Chowrira and Burke, 1992, Nucleic Acids Res. 20:2835. Ribozymes can 
also be made by rolling transcription as described in Daubendiek and Kool, 1997, Nat. 
BiotechnoL 75(3)273-277. 

The invention provides antisense nucleic acids that specifically bind to 
polynucleotides comprising the nucleotide sequence of any one of SEQ ID N0S:1-17. 
Antisense nucleic acids are designed to specifically bind to RNA, resulting in the 
formation of RNA-DNA or RNA-RNA hybrids, and inhibition of DNA repUcation, 
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reverse transcription or messenger RNA translation. Antisense polynucleotides based 
on a selected cDNA sequence can interfere with expression of the corresponding gene. 
Antisense polynucleotides are typically generated within the cell by antisense constructs 
that express polynucleotides complimentary to the mRNA. Antisense cDNA-encoded 
polynucleotides will bind and/or interfere with the translation of cDNA-related mRNA. 
The expression products of control cells and cells treated with the antisense construct 
are compared to detect the level of protein product of the gene corresponding to the 
cDNA. The protein is isolated and identified using routine biochemical methods. 

The promoter region of a gene generally is located 5* to the initiation site 
for RNA polymerase 11. Hundreds of promoter regions contain the "TATA" box, a 
sequence such as TATTA or TATAA, which is sensitive to mutations. The promoter 
region can be obtained by performing 5' RACE using a primer from the coding region 
of the gene. Altematively, the cDNA can be used as a probe for the genomic sequence, 
and the region 5* to the coding region is identified by "walking up." 

Because the disclosed polynucleotides are differentially expressed, the 
promoters from the corresponding genes can be used in a regulatory construct for a 
heterologous gene. For example, the 5* regulatory regions corresponding to SEQ ID 
N0S:1-15, genes whose expression is up-regulated in response to glucose treatment, 
can be used to achieve glucose-inducible expression of a heterologous gene. For 
applications in which it is desirable to achieve reduced expression under high glucose 
conditions, the 5* regulatory regions corresponding to SEQ ID NOS:16-17 can be used 
to regulate expression of a heterologous gene. 

A human gene comprising at least one of SEQ ID NO: 1-1 7 can be 
identified and isolated using methods known in the art. According to one method, one 
or more of SEQ ID NO: 1-1 7 is prepared in a computer-readable format. The sequence 
is compared with polynucleotide sequences of a human genome, and one or more 
human genome sequences having at least 95% sequence identity to one or more of SEQ 
ID NO: 1-17 are identified, for example by using the Smith- Waterman algorithm using 
an affme gap search with a gap open penalty of 12 and a gap extension penalty of 1 as 



wo 00/46372 



PCT/USOO/03108 - 



9 

parameters. Probes based on the regions of homology between SEQ ID NO: 1-17 and 
the human genome sequences are prepared and used to isolate polynucleotides from 
human genomic DNA, using methods known in the art. The invention includes human 
genomic DNA comprising the coding region of any one of SEQ ID N0:l-17 and any 
untranslated regions which do not share homology with SEQ ID NO: 1-1 7 but which are 
contiguous with homologous regions. Such genomic DNA includes but is not limited to 
introns, promoters, and other regulatory regions functionally associated with a human 
gene having a region corresponding to SEQ ID NO: 1-1 7. 

The cDNA of any one of SEQ ID N0S:1-17 itself, the corresponding 
full-length cDNA, or the frill-length gene is used to express the partial or complete gene 
product. Appropriate polynucleotide constructs are purified using standard recombinant 
DNA techniques as described in, for example, Sambrook et al, 1989, Molecular 
Cloning: A Laboratory Manual, 2nd ed. (Cold Spring Harbor Press, Cold Spring 
Harbor, New York), and under current regulations described in United States Dept, of 
HHS, National Institute of Health (NIH) Guidelines for Recombinant DNA Research. 
The polypeptides encoded by the cDNA are expressed in any expression system, 
including, for example, bacterial, yeast, insect, amphibian and manunalian systems. 
Suitable vectors and host cells are described in U.S. Patent No. 5,654,173. 

Polynucleotide molecules of the invention can be propagated by placing 
the molecule in a vector. As used herein, a vector is a construct which is capable of 
delivering, and preferably expressing, one or more gene(s) or sequence(s) of interest in 
a host cell. Examples of vectors include, but are not limited to, viral vectors, naked 
DNA or RNA expression vectors, DNA or RNA expression vectors associated with 
cationic condensing agents, DNA or RNA expression vectors encapsulated in 
liposomes, and certain eukaryotic cells, such as producer cells. 

Viral and non-viral vectors are used, including plasmids. The choice of 
plasmid will depend on the type of cell in which propagation is desired and the purpose 
of propagation. Certain vectors are usefiil for amplifying and making large amounts of 
the desired DNA sequence. Other vectors are suitable for transfer and expression in 
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cells in a whole animal or person. The choice of J^propriate vector is well within the 
skill of the art. Many such vectors are available commercially. The cDNA or full- 
length polynucleotide is inserted into a vector typically by means of DNA ligase 
attachment to a cleaved restriction enzyme site in the vector. Altematively, the desired 
nucleotide sequence may be inserted by homologous recombination in vivo. Typically 
this is accompUshed by attaching regions of homology to the vector on the flanks of the 
desired nucleotide sequence. Regions of homology are added by Ugation of 
oligonucleotides, or by polymerase chain reaction using primers comprising both the 
region of homology and a portion of the desired nucleotide sequence, for example. 

cDNAs or full-length polynucleotides are linked to regulatory sequences 
as appropriate to obtain the desired expression properties. These may include 
promoters (attached either at the 5' end of the sense strand or at the 3' end of the 
antisense strand), enhancers, temiinators, operators, repressors, and inducers. The 
promoter may be regulated or constitutive. In some situations it may be desirable to use 
conditionally active promoters, such as tissue-specific or developmental stage-specific 
promoters. These are linked to the desired nucleotide sequence using the techniques 
described above for linkage to vectors. Any techniques known in the art may be used. 

When any of the above host cells, or other iq)propriate host cells or 
organisms, are used to replicate and/or express the polynucleotides or nucleic acids of 
the invention, the resulting replicated nucleic acid, RNA, expressed protein or 
polypeptide, is within the scope of the invention as a product of the host cell or 
organism. The product is recovered by any means known in the art. 

Where the methods discussed herein require sequence alignment, such 
methods of alignment of sequences for comparison are well known in the art. Optimal 
alignment of sequences for comparison may by conducted by the local homology 
algorithm of Smith and Waterman (1981) Adv. Appl. Math. 2:482; by the homology 
alignment algorithm of Needleman and Wunch (1970) J. Mol. Biol. ^5:443; by the 
search for similarity method of Pearson and Lipman (1988) Proc. Natl. Acad. Sci. USA 
55:2444; by computerized implementations of these algorithms (including, but not 
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limited to CLUSTAL in the PC/Gene program by Intelligenetics, Mountain View, 
California, GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software 
Package, Genetics Computer Group (GCG), 575 Science Dn, Madison, Wisconsin, 
USA); the CLUSTAL program as described by Higgins and Sharp (1988) Gene, 
7J:237-244 and Higgins and Sharp (1989) CABIOS 5:151-153; Corpet et al, (1988) 
Nucleic Acids Research 16, 10881-90; Huang et ah, (1992) Computer Applications in 
the Biosciences 8, 155-65, and Pearson et al., (1994) Methods in Molecular Biology 24, 
307-31. Typically, the alignments are visually inspected and refined manually after 
computer-aided adjustment. 

The polypeptides of the invention include those encoded by the disclosed 
polynucleotides. These polypeptides can also be encoded by nucleic acids that, by 
virtue of the degeneracy of the genetic code, are not identical in sequence to the 
disclosed cDNAs. Thus, the invention includes within its scope nucleic acids 
comprising polynucleotides encoding a protein or polypeptide expressed by a 
polynucleotide having the sequence of any one of SEQ ID N0S:1-17. Also within the 
scope of the invention are variants; variants of polypeptides include mutants, fragments, 
and fusions. Mutants can include amino acid substitutions, additions or deletions. The 
amino acid substitutions can be conservative amino acid substitutions or substitutions to 
eliminate non-essential amino acids, such as to alter a glycosylation site, a 
phosphorylation site or an acetylation site, or to minimize misfolding by substitution or 
deletion of one or more cysteine residues that are not necessary for fimction. 
Conservative amino acid substitutions are those that preserve the general charge, 
hydrophobicity/hydrophilicity, and/or steric bulk of the amino acid substituted. For 
example, substitutions between the following groups are conservative: Gly/Ala, 
Val/Ile/Leu, Asp/Glu, Lys/Arg, Asn/Gbi, Ser/Cys, Ther, and Phe/Trp/Tyr. 

Expression products of a cDNA, the corresponding mRNA, or the 
corresponding complete gene are prepared and used for raising antibodies for 
experimental, diagnostic, and therapeutic purposes. The cDNA is expressed as 
described above, and antibodies are prepared. These antibodies are specific to an 
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epitope on the cDNA-encoded polypeptide, and can precipitate or bind to the 
corresponding native protein in a cell or tissue preparation or in a cell-free extract of an 
in vitro expression system. 

Immimogens for raising antibodies are prepared by mixing the 
polypeptides encoded by the cDNAs of the present invention with adjuvants. 
Alternatively, polypeptides are made as fusion proteins to larger immunogenic proteins. 
Polypeptides are also covalently linked to other larger immunogenic proteins, such as 
keyhole limpet hemocyanin. hnmunogens are administered to experimental animals 
such as rabbits, sheep, and mice, to generate antibodies. Optionally, the animal spleen 
cells are isolated and fused with myeloma cells to form hybridomas that secrete 
monoclonal antibodies. Such methods are well known in the art. According to another 
method known in the art, the cDNA-related polynucleotide is administered directly, 
such as by intramuscular injection, and expressed in vivo. The expressed protein 
generates a variety of protein-specific immxme response, including production of 
antibodies, comparable to administration of the protein. 

Preparations of polyclonal and monoclonal antibodies specific for 
cDNA-encoded proteins and polypeptides are made using standard methods known in 
the art. The antibodies specifically bind to epitopes present in the polypeptides encoded 
by polynucleotides disclosed in the Sequence Listing, Typically, at least 6, 8, 10, or 12 
contiguous amino acids are required to form an epitope. However, epitopes which 
involve non-contiguous amino acids may require more, for example at least 15, 25, or 
SO amino acids. 

Antibodies that specifically bind to human polypeptides should provide a 
detection signal at least 5-, 10-, or 20-fold higher than a detection signal provided with 
other proteins when used in Westem blots or other immunochemical assays. Preferably, 
antibodies that specifically bind polypeptides of the invention do not detect other 
proteins in immunochemical assays and can immunoprecipitate the corresponding 
proteins from solution. 
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To test for the presence of serum antibodies to the polypeptides of the 
invention in a human population, human antibodies are purified by methods well known 
in the art. Preferably, the antibodies are affinity purified by passing antiserum over a 
column to which a cDNA-encoded protein, polypeptide, or fusion protein is bound. The 
bound antibodies can then be eluted from the column, for example using a buffer with a 
high salt concentration. 

In addition to the antibodies discussed above, genetically engineered 
antibody derivatives are made, such as single chain antibodies. Recombinant antibody 
libraries can be screened to identify useful molecules. 

Polypeptides encoded by the instant cDNAs and corresponding full 
length genes can be used to screen peptide libraries to identify binding partners, such as 
receptors, from among the encoded polypeptides. A library of peptides may be 
synthesized following the methods disclosed in U.S. Pat. No. 5,010,175, and in PCT 
WO 91/17823. 

Abnormal expression of a gene corresponding to any one of SEQ ID 
N0S:1-17 may be linked to abnormalities or diseases associated with altered sensitivity 
to glucose levels, such as diabetes, including type 1 or type 2 diabetes. The ability to 
detect abnormal expression of such genes provides a useful tool for diagnosing diabetes 
and for developing effective treatment strategies. 

The invention provides a method of determining whether a subject 
exhibits abnormal expression of a gene regulated by glucose. The method comprises 
obtaining a tissue sample from the subject, measuring an expression product of a gene 
comprising a nucleotide sequence of any one of SEQ ID N0S:1-17 in the sample, and 
comparing the expression of the measured gene product with expression of the same 
gene product by normal cells. A difference in expression between the sample and the 
normal cells is indicative of abnormal expression of a gene regulated by glucose. In one 
embodiment, the method further comprises contacting the tissue with more than about 5 
mM glucose, preferably about 10 to about 30 mM glucose, prior to measuring the 
expression product of the gene. In one embodiment, the expression product of the gene 
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is measured before and after contacting tissue with glucose. Examples of expression 
products of the gene that can be measured include cDNA, mRNA and protein. These 
products can be measured using standard techniques, including RT-PCR, northern 
blotting and western blotting, for example. The foregoing steps can also be used in a 
method for diagnosing diabetes, or for identifying different patterns of abnormality to 
facilitate development of an effective treatment strategy, particularly for humans. 

Polynucleotide arrays provide a high throughput technique for assaying a 
large number of polynucleotide sequences in a sample. This technology can be used as 
a diagnostic and as a tool to test for differential expression to determine function of an 
encoded protein. 

To create arrays, polynucleotide probes are spotted onto a substrate in a 
two-dimensional matrix or array. Samples of polynucleotides can be labeled and then 
hybridized to the probes. Double stranded polynucleotides, comprising the labeled 
sample polynucleotides bound to probe polynucleotides, can be detected once the 
unbound portion of the sample is washed away. 

The probe polynucleotides can be spotted on substrates including glass, 
nitrocellulose, etc. The probes can be bound to the substrate by either covalent bonds or 
by non-specific interactions, such as hydrophobic interactions. The sample 
polynucleotides can be labeled using radioactive labels, fluorophors, etc. 

Techniques for constructing arrays and methods of using these arrays are 
described in EP No. 0 799 897; PCT No. WO 97/29212; PCT No. WO 97/27317; EP 
No. 0 785 280; PCT No. WO 97/02357; U.S. Pat. No. 5,593,839; U.S. Pat. No. 
5,578,832; EP No. 0 728,520; U.S. Pat. No. 5,599,695; EP No. 0 721 016; U.S. Pat. No. 
5,556,752; PCT No. WO 95/22058; and U.S. Pat. No. 5,631.734. 

The invention provides compositions and methods for treatment of 
disease, such as diabetes. In one embodiment, the composition is a pharmaceutical 
composition. Pharmaceutical compositions can comprise polypeptides, antibodies, or 
polynucleotides of the invention. The pharmaceutical compositions will comprise a 
therapeutically effective amount of either polypeptides, antibodies, or polynucleotides 
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of the invention. As used herein, pharmaceutically acceptable carrier includes any 
material which, when combined with an active ingredient of a composition, allows the 
ingredient to retain biological activity and is essentially non-reactive with the subject's 
inrmiune system. Examples include, but are not limited to, any of the standard 
pharmaceutical carriers such as a phosphate buffered saline solution, water, emulsions 
such as oil/water emulsion, and various types of wetting agents. Preferred diluents for 
aerosol or parenteral administration are phosphate buffered saline or normal (0.9%) 
saline. 

Compositions comprising such carriers are formulated by well known 
conventional methods (see, for example, Remington's Pharmaceutical Sciences, 
Chapter 43, 14th Ed., Mack Publishing Co., Easton PA 18042, USA). 

The term therapeutically effective amount as used herein refers to an 
amount of a therapeutic agent to treat, ameliorate, or prevent a desired disease or 
condition, or to exhibit a detectable therapeutic or preventative effect. The effect can be 
detected by, for example, chemical markers or antigen levels. Therapeutic effects also 
include reduction in physical sjmiptoms. The precise effective amount for a subject will 
depend upon the subject's size and health, the nature and extent of the condition, and the 
therapeutics or combination of therapeutics selected for administration. The effective 
amount for a given situation can be determined by routine experimentation and is within 
the judgment of the clinician. 

For purposes of the present invention, an effective dose will be from 
about 0.01 mg/kg to 50 mg/kg or 0.05 mg/kg to about 10 mg/kg of the DNA constructs 
in the individual to which it is administered. 

A pharmaceutical composition can also contain a pharmaceutically 
acceptable carrier. The term "pharmaceutically acceptable carrier" refers to a carrier for 
administration of a therapeutic agent, such as antibodies or a polypeptide, genes, and 
other therapeutic agents. The term refers to any pharmaceutical carrier that does not 
itself induce the production of antibodies harmful to the individual receiving the 
composition, and which may be administered without undue toxicity. Suitable carriers 
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may be large, slowly metabolized macromolecules such as proteins, polysaccharides, 
polylactic acids, polyglycolic acids, polymeric amino acids, amino acid copolymers, 
and inactive vims particles. Such carriers are well known to those of ordinary skill in 
the art. 

Pharmaceutically acceptable salts can be used therein, for example, 
mineral acid salts such as hydrochlorides, hydrobromides, phosphates, sulfates, and the 
like; and the salts of organic acids such as acetates, propionates, malonates, benzoates, 
and the like. A thorough discussion of pharmaceutically acceptable excipients is 
available in Remington's Pharmaceutical Sciences (Mack Pub. Co., N.J. 1991). As used 
herein, pharmaceutically acceptable salt refers to a salt that retains the desired biological 
activity of the parent compound and does not impart any undesired toxicological 
effects. Examples of such salts include, but are not limited to, (a) acid addition salts 
formed with inorganic acids, for example hydrochloric acid, hydrobromic acid, sulfuric 
acid, phosphoric acid, nitric acid and the like; and salts formed with organic acids such 
as, for example, acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, 
furmaric acid, gluconic acid, citric acid, malic acid, ascorbic acid, benzoic acid, tannic 
acid, pamoic acid, alginic acid, polyglutamic acid, naphthalenesulfonic acids, 
naphthalenedisulfonic acids, polygalacturonic acid; (b) salts with polyvalent metal 
cations such as zinc, calcium, bismuth, barium, magnesium, aluminum, copper, cobalt, 
nickel, cadmium, and the like; or (c) salts formed with an organic cation formed from 
N,N'-dibenzylethylenediamine or ethylenediamine; or (d) combinations of (a) and (b) or 
(c), e.g., a zinc tannate salt; and the like. The preferred acid addition salts are the 
trifluoroacetate salt and the acetate salt. 

Pharmaceutically acceptable carriers in therapeutic compositions may 
contain liquids such as water, saline, glycerol and ethanol. Additionally, auxiliary 
substances, such as wetting or emulsifying agents, pH buffering substances, and the 
like, may be present in such vehicles. Typically, the therapeutic compositions are 
prepared as injectables, either as liquid solutions or suspensions; solid forms suitable for 
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solution in, or suspension in, liquid vehicles prior to injection may also be prepared. 
Liposomes are included within the definition of a pharmaceutically acceptable carrier 

Once formulated, the polynucleotide compositions of the invention can 
be (1) administered directly to the subject; (2) delivered ex vivo, to cells derived firom 
the subject; or (3) delivered in vitro for expression of recombinant proteins. 

Direct delivery of the compositions will generally be accomplished by 
injection, either subcutaneously, intraperitoneally, intravenously or intramuscularly, or 
delivered to the interstitial space of a tissue. The compositions can also be administered 
into a tumor or lesion. Other modes of administration include oral and pulmonary 
administration, suppositories, and transdermal applications, needles, and gene guns or 
hyposprays. Dosage treatment may be a single dose schedule or a multiple dose 
schedule. 

Methods for the ex vivo delivery and reimplantation of transformed cells 
into a subject are known in the art and described in e.g., International Publication No. 
WO 93/14778. Examples of cells useful in ex vivo applications include, for example, 
stem cells, particularly hematopoetic, lymph cells, macrophages, dendritic cells, or 
tumor cells. 

Generally, delivery of nucleic acids for both ex vivo and in vitro 
applications can be accomplished by, for example, dextran-mediated transfection, 
calcium phosphate precipitation, polybrene mediated transfection, protoplast fusion, 
electroporation, encapsulation of the polynucleotide(s) in liposomes, and direct 
microinjection of the DNA into nuclei, all well known in the art. 

Once a gene has been found to correlate with a disorder, such as 
diabetes, the disorder may be amenable to treatment by administration of a therapeutic 
agent based on the cDNA or corresponding polypeptide. In one embodiment, the 
therapeutic agent comprises an antisense molecule. Therapeutic agents also include 
antibodies to proteins and polypeptides encoded by the cDNAs and related genes, as 
described in U.S. Patent No. 5,654,173. 
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Both the dose of the antisense composition and the means of 
administration are determined based on the specific qualities of the therapeutic 
composition, the condition, age, and weight of the patient, the progression of the 
disease, and other relevant factors. Administration of the therapeutic antisense agents 
of the invention includes local or systemic administration, including injection, oral 
administration, particle gun or catheterized administration, and topical administration. 
Preferably, the therapeutic antisense composition contains an expression construct 
comprising a promoter and a polynucleotide segment of at least 12, 22, 25, 30, or 35 
contiguous nucleotides of the antisense strand of a cDNA. Within the expression 
construct, the polynucleotide segment is located downstream fi-om the promoter, and 
transcription of the polynucleotide segment initiates at the promoter. As used herein, an 
expression control sequence is a nucleic acid sequence which directs transcription of a 
nucleic acid. An expression control sequence can be a promoter, such as a constitutive 
or an inducible promoter, or an enhancer. The expression control sequence can be 
operably linked to a nucleic acid sequence to be transcribed. 

Receptor-mediated targeted delivery of therapeutic compositions 
containing an antisense polynucleotide, subgenomic polynucleotides, or antibodies to 
specific tissues is also used. Receptor-mediated DNA delivery techniques are described 
in, for example, Findeis et al., 1993, Trends in Biotechnol. 1 hlQfl-lQS; Chiou et al., 
1994, Gene Therapeutics: Methods and Applications of Direct Gene Transfer (J. A. 
Wolff, ed.); Wu & Wu, 1988, J. Biol. Chem. 263:621-24; Wu et al., 1994, J. Biol. 
Chem. 2<J9:542-46; Zenke et al., 1990, Proc. Natl. Acad. Sci. (USA) 57:3655-59; Wu et 
al., 1991, y. Biol. Chem. 26(5:338-42. Preferably, receptor-mediated targeted delivery of 
therapeutic compositions containing antibodies of the invention is used to deliver the 
antibodies to specific tissue. 

Therapeutic compositions containing antisense subgenomic 
polynucleotides are administered in a range of about 100 ng to about 200 mg of DNA 
for local administration in a gene thwapy protocol. Concentration ranges of about 500 
ng to about 50 mg, about 1 \ig to about 2 mg, about 5 \ig to about 500 ng, and about 20 



wo 00/46372 



PCT/USOO/03108 - 



19 

^ig to about 100 \xg of DNA can also be used during a gene therapy protocol. Factors 
such as method of action and efficacy of transformation and expression are 
considerations which will affect the dosage required for ultimate efficacy of the 
antisense subgenomic polynucleotides. Where greater expression is desired over a 
larger area of tissue, larger amounts of antisense subgenomic polynucleotides or the 
same amounts readministered in a successive protocol of administrations, or several 
administrations to different adjacent or close tissue portions may be required to effect a 
positive therapeutic outcome. In all cases, routine experimentation in clinical trials will 
determine specific ranges for optimal therapeutic effect. A more complete description 
of gene therapy vectors, especially retroviral vectors, is contained in U.S. Serial No. 
08/869,309, which is expressly incorporated herein. 

The gene delivery vehicle may be of viral or non-viral origin (see 
generally, Jolly, 1994, Cancer Gene Therapy 7:51-64; Kimura, 1994, Human Gene 
Therapy 5:845-852; Connelly, 1995, Human Gene Therapy 7:185-193; and Kaplitt, 
1994, Nature Genetics (5:148-153). Gene therapy vehicles for delivery of constructs 
including a coding sequence of a therapeutic of the invention can be administered either 
locally or systemically. These constructs can utilize viral or non-viral vector 
approaches. Expression of such coding sequences can be either constitutive or 
regulated. 

The following examples are presented to illustrate the present invention 
and to assist one of ordinary skill in making and using the same. The examples are not 
intended in any way to otherwise limit the scope of the invention. 

EXAMPLES 

Example 1 : Identification of Genes Differentiallv Expressed in Response to Glucose 
Treatment 

Rat pancreatic islet cells of the INS-1 cell line (Kennedy et al., 1996, J, 
Clin. Invest. 95:2524-2538) were treated with Krebs Ringer Bicarbonate buffer (KRBH) 
containing either 3 mM (low) glucose or 20 mM (high) glucose for 60 minutes. Total 
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RNA was prepared and analyzed according to the manufacturer's instructions using 200 
primer pairs and HIEROGLYPH mRNA profile kit for differential expression 
(Genomyx, Palo Alto, CA). Differentially expressed bands were cut out and subcloned 
into a plasmid vector for expression. DNA was prepared and sequenced. 

Rvatnple 2: Analysis of DtfFerentiallv Expressed Po lynucleotides 

Sequences identified in Example 1 wa-e then analyzed using BLAST 
(available at http://www.nchi.mlm.nih.eQv/BLASTA and by alignment with publicly 
available sequences (Genbank, NRP). SEQ ID N0S:1-15 were up-regulated in cells 
treated with high glucose, while SEQ ID NOS:16-17 were down-regulated in response 
to high glucose. The sequences are shown in Table 1. 

Deposit Information : 

The following materials were deposited with the American Type Culture 

Collection: 

Name Deposit Date ATCC Accession No. CMCC Accession No. 

Bacterial Cultures 09/28/98 98897 4850 

The above material has been deposited with the American Type Culture 
Collection, 10801 University Boulevard, Manassas, VA 201 10-2209, U.S.A., under the 
accession number indicated. The deposit consists of a mixture of 17 bacterial cultures 
each containing a plasmid having a cDNA insert as described in the application. This 
deposit will be maintained under the terms of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for purposes of Patent Procedure. The 
deposit will be maintained for a period of 30 years following issuance of this patent, or 
for the enforceable life of the patent, whichever is greater. Upon issuance of the patent, 
the deposit will be available to the public fi»m the ATCC without restriction. 

This deposit is pro-vHded merely as convenience to those of skill in the 
art, and is not an admission that a deposit is required under 35 U.S.C. § 112. The 
sequence of the polynucleotides contained within the deposited material, as well as the 
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SEQOENCS LisrrwG 

<110> Giulia Kennedy 
Haidong Xu 

<120> NOVEL PANCREATIC ISLET 6EMES REGULATED 
BY GLUCOSE 

<130> 12246. SUSPl 

<160> 17 

<170> FastSEQ for Windows Version 3.0 

<210> 1 
<211> 684 
<212> DNA 
<213> Rat cOMA 



<400> 1 

tcaagacagg gttcctctgt gtagccctgg ccgccctgga actcactctg tagaccaggc 60 

tgacccccaa ctcggagacc ctcctgcctc tgtattggga ttaaaggtgc ctggcctcat 120 

ttttatcttg cgtgtacggg tactttggcc gtacacatgt cttggtacca catatgtgca 180 

gtgtrctcag aggccagaag aaggccctgg accccccaga accggagata cagacagtca 240 

ttagacacta tgtgggtgct gggcactata cccctggttg agtgccagtg tttcacacag 300 

ccagaatggc ctcagactcc ctatgtggac aaggataacc ctgaactcct gaccccgctg 360. 

cctctacctc ccaaatgcta ggattacagg tgtaaaccat gccttggagc tctggctgag 420 

cctaccaagt gggggctgac cacccctacg ggaagcctct tcatggccag cttcctggaa 480 

agcaaggagg gttcagcatg ggtccagcat caaactccaa actgagtacc tacaacaggt: 540 

acttcaaagc tcttgaagcc tgaggcaggg cttagctagc acaggctaga ttccctagct 600 

aactgtgcta gatggttttg atgacagagg caagactcat ctgggaagag ggaacttagt 660 

tgacaaaatg tctccaccag atgg 684 

<210> 2 
<211> 363 
<212> DNA 
<213> Rat CDNA 

<400> 2 

atgggaagac cacaggtgga aatcagaact gaaaatcctt ccaaagaatt cctagagggc 60 

aggctatgga ggtacaggct tttaacccaa gcactcggga ggtagaggca ggcagatctc 120 

tgtgagttca aggccagcct ggtctacaga gggagcagag tgaggtccat gacagccagt 180 

gccacacaga gaaaccttgc ctcaggaaac caagaacaaa^ caaacsiaaca aaaaaccaac 240 

ctcctaaaga lagacttttta ctttacaaag taagatttct taagcaacaa atataataaa 300 

catcataaaa tacagaagaa agggtgaatg aaatgtttaa ggtccctgta gagagaagac 360 

aat 363 

<210> 3 
<211> 402 
<212> DNA 
<213> Rat cDNA 

<400> 3 

ttgttttttg acaagacttg attagtgtaa gaatatgcat ggtacaagga ggaatcaggt 60 

ctctgccaag aggccagact gtaggaccta cagggagctg tgccactgcg tccagagagg .120 

agaacacatg gggaaaggca ctgcacagtg cctgggggtg ctagcccatc cccagactct 180 

agtcatgctt ctgtggaacc tttaggacac gcttccttct cctgcaaagc cttcattcag 240 

tgcctcctca gtgtcgtgct cgacattcca acttcagcat tttgaaacat tccttccttt 300 

ttccagagga aaatatccta aagtgtcacc tctcctgaca gctgtttata catactatgg 360 

ctatcttcat caactaaatg gcaacaccag atcctttctg ac 402 

<210> 4 
<211> 366 
<212> DNA 
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20. The fusion protein of claim 19 wherein said first protein segment 
comprises at least twelve contiguous amino acids encoded by said one of SEQ ID 
NO: 1-17. 

21 . The fusion protein of claim 20 wherein said first protein segment 
comprises at least 50 contiguous amino acids encoded by said one of SEQ ID N0:l-17. 

22. The fusion protein of claim 2 1 wherein said first protein segment 
comprises at least 80 contiguous amino acids encoded by said one of SEQ ID NO: 1-17. 

23. An isolated antibody that binds specifically to a polypeptide 
encoded by the polynucleotide of claim 1 . 



a 
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14. The method of claim 13, wherein the tissue is contacted with 
about 10 to about 30 mM glucose. 

15. The method of claim 13, wherein the expression product of the 
gene is measured before and after contacting tissue with more than about 5 mM 
glucose. 

16. The method of claim 12, wherein the expression product of the 
gene is cDNA, mRNA or protein. 

17. A method for detecting a human gene comprising any one of 
SEQ ID NO: 1-17, said method comprising obtaining in computer-readable format said 
one of SEQ ID NO: 1-17, comparing said sequence with polynucleotide sequences of a 
human genome, and identifying one or more human genome sequences having at least 
95% sequence identity to said one of SEQ ID N0:l-17 as determined by the Smith- 
Waterman algorithm using an affine gap search with a gap open penalty of 12 and a gap 
extension penalty of 1 as parameters. 

18. A non-naturally occurring fusion protein comprising a first 
protein segment and a second protein segment fused to each other by means of a peptide 
bond, wherein the first protein segment comprises at least six contiguous amino acids 
selected from an amino acid sequence encoded by the nucleotide sequence of any one of 
SEQ ID NO: 1-1 7 or the complement thereof. 

19. The fusion protein of claim 18 wherein said first protein segment 
comprises at least six contiguous amino acids encoded by said one of SEQ ID NO: 1-1 7. 
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6. The isolated nucleic acid molecule of claim 1 , which is DNA. 

7. A method of making a recombinant vector comprising inserting a 
nucleic acid molecule of clahn 1 into a vector in operable linkage to a promoter. 

8. A recombinant vector produced by the method of claim 7. 

9. A method of making a recombinant host cell comprising 
introducing the recombinant vector of claim 8 into a host cell. 

10. A recombinant host cell produced by the method of claim 9. 

11. A recombinant method of producing a polypeptide, comprising 
culturing the recombinant host cell of claim 10 under conditions such that said 
polypeptide is expressed and recovering said polypeptide. 

12. A method of deteraiining whether a mammalian subject exhibits 
abnormal expression of a gene regulated by glucose, comprising: 

(a) obtaining a tissue sample from the mammalian subject; 

(b) measuring an expression product of a gene comprising a 
nucleotide sequence of any one of SEQ ID N0S:1-17 in the sample; and 

(c) comparing the expression of the gene product measured in step 
(b) with expression of the same gene product by normal cells, a difference in expression 
between the sample and the normal cells being indicative of abnormal expression in 
said tissue sample of a gene regulated by glucose. 

13. The method of claim 12, fiirther comprising contacting the tissue 
of step (a) with more than about 5 mM glucose prior to measuring the expression 
product of the gene. 
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CLAIMS 



What is claimed is: 



1 . An isolated polynucleotide selected from the group consisting of: 

(a) a polynucleotide comprising the nucleic acid sequence of any one 
ofSEQIDNOS:l-17; 

(b) a polynucleotide encoding a polypeptide expressed by a 
polynucleotide comprising any one of SEQ ID NOS: 1-17; 

(c) the polynucleotide complement of the polynucleotide of (a) or 

(b); and 

(d) a polynucleotide at least 90% identical to the polynucleotide of 

(a),(b),or(c). 

2. The polynucleotide of claim 1 comprising the nucleotide 
sequence of any one of SEQ ID NOS: 1-17. 

3. An isolated nucleic acid molecule, which comprises 10-280 
contiguous nucleotides of one of SEQ ID NO: 1-17, 10-400 contiguous nucleotides of 
one of SEQ ID N0:1, 3, 6, 7, 8, 9, 10, 11, 12, 13, 14, and 15; 10-600 contiguous 
nucleotides of one of SEQ ID N0:7, 12, 13, 14 and 15; or 10-700 contiguous 
nucleotides of one of SEQ ID N0:12 and 13. 

4. The isolated nucleic acid molecule of claim 3, which comprises 
100-280 contiguous nucleotides of one of SEQ ID NO:l-17. 

5: The isolated nucleic acid molecule of claim 4, which comprises 
150-200 contiguous nucleotides of one of SEQ ID N0:l-17. 
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amino acid sequence of the polypeptides encoded thereby, are incorporated herein by 
reference and are controlling in the event of any conflict with the written description of 
sequences herein. A license may be required to make, use, or sell the deposited 
material, and no such license is granted hereby. 

The foregoing detailed description provides exemplary information 
about the invention. Those skilled in the art will appreciate that modifications can be 
made without diverging from the spirit and purpose of the invention. 
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<213> Rac cDNA 
<400> 4 

cactctctga ccagacttca ctaagggacc tctttectct cctctectat etagtgcttg 60 

ggagtagacg ggggcacaaa gaagagggat ggagaagggt gggaaaaaga accccagcac 120 

caggtctcat gcctgcacgc caaaagttta gccatggagt catctgactc cagtggactt 180 

tgaaggt&gt taccccaaaa ttccggaccc tggcgatcaa tcctgacccc tcetgaagaa 240 

catggttggt ggagcttgtt: acctcttgtt ccactcccgg aatgtcctcc cactcattgc 300 

eaatcagtgt cctggtgccc ccccaccctg cctctgcctc tgcaacctgc cagcctccaa 360 

etgaac 366 

<210> 5 
<211> 317 
<212> DNA 
<213> Rac cDNA 

<400> 5 

atggccatag tcctagcact tgggaagctg aggcaggagg attgttatga gttctcatct 60 

gggacccgta gcgattcctg ggacagccct ggctaaasiaa ataagagccc atttcctaaa 120 

atagtgttaa tattaataat aaataaaatg agacagagag tagaatcaet gagcaaaggg 180 

gttttcctcc taccccgatg atctgcattt gacacccccc cacaagcaca cagtgaaagg 240 

ctgtcctctg acccccaccc gcgcactatg gtagggacac acacacacac acacacacac 300 

acacactaaa taaataa 317 

<210> 6 
<211> 412 
<212> DNA 

<2i3> Rac am. 

<400> 6 

cccgctcccg gccatcctgc acggagcCgt gagcCgaaac caacCtgcct Ctcggccctc 60 

ctagggccgc acCCcccgtt cctccCcCcc agcccccaCc Cactctctca aaCaCaagat 120 

tctgaaaccc tcccgcgttg aacccacgcc gccccccccg cttcccggaa ctaaggagtc 180 

gtgaactcga agaggcaccg tgaccaccaa tcgccccgca cgccCCCtcc cccaccgaac 240 

tctttcacac agcacacctt gaccaccccc ccctcctccc agCCCcCccc aggCcccccc 300 

tacctctcCa ccCccccggg ttcatagccc cccCccacaf aCCCgccaca acaacaccaa 360 

cacccaaacg aagcccagaa caagCaaccc cagcacaaca gcaagtgcca aa 412 

• <210> 7 
<211> 608 
<212> DNA 
<213> Rac cDNA 

<400> 7 

tgagaaggca cCCgcCgaCa ccaaggcccc Cgccgaacgg CCgagagacc aCgaCgatgc 60 

agcagagccc cccaccgaac agaccaccgc ccccagcaag cgagcggaag ccacgaaaca 120 

gCaCcaggaa gaaaCccaag aacCCaaCga agcagcaaga caccggccac gaCccacacC 180 

agccacggga aCccagcaag aaaacagaca aaccagagaa CCacaacaag agaacaaaga 240 

acCgcgcaca CccCCggaag agcaccagcc CgccCCggaa cCgaCaaCga gcgagcaccg 300 

agagcagacg cccagattgc CaaCggccag caagaaggac gacccgggca CaaCaacgaa 360 

gccaaaggag cagcacccaa agaccgacac ggcacaccgc aacagccgcg aaggaCCcCC 420 

ccCggaCgca Ccccggcaca cccctgaagc accccagcac ggaccggaga ggaggcacCC 480 

ggaagcaaac cagaacgcac acCaaaCcaa acagccaacc CCgggggcgg gcggaagcgg 540 
ggCccaCCCa aaaagccgcc tcaccccgac ccgcccccca gaccagacca gcaaacaaac 
ggagccaa 

<210> 8 
<211> 490 
<212> DNA 
<213> Rac cDNA 

<400> 8 

agaagagcca cacgccggCc acgcagcccc cgCCggccca cgCgaCaagt agatagggca 60 

aacaccCgtc ccaaggtcct gccacgggca gaaagccctg CggCggcaga atggacagat 120 

gagccccagg Cgccccaccc caccccagac gagcccacac cccgccagca cccgaggaag 180 



600 
608 
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caagccggcs acccaggaag accacgcgcc cagaaggaaa cagttcacca aatgagaaga 240 

aeatlclgee actacalcci tttatctgaa ggagtcagag gacaacttac acagtagcgg 300 

tcccgcclcc acacagtgcg aggcccggag accacccagg tcaccaaagt "gacagcaa 360 

gcacctttac ccaccgaacc atcttctccag cccgagaaaa taagagagaa aaaaaaagtc 420 

tgtctgtMC ?ca?aSaaa aaaaaaaeca taaaeaatta aaatttttca ttaaaattcc 4fl0 
acaccaaaac 



480 
490 



<210> 9 
<211> 476 
<212> DMA 
<213> Rat cQNA. 

ttctccaccrgcccatgaaa gtgtcgcagt acttgctcac ' tgatcactga tgactatctg 60 
gaSggcSI ItacaaEcag tagccagttt agctctgcag ccaaactcca tcgtteacac 120 
tgtgttatca tgtacagcaa gaaagtagga caaatgttta gcatagttag tccaggtata 180 
cLccccagg tgccttctgaa tccagattta tggtgtaatt aatgagctaa gacaagttca 240 
ttccttcgac gtgaatcctt tgttaaacaa ccagttgagc aggaatttcc ttcataccac 
agagctcLc SLgttctt ggcctttctt caaagaatat ttttcctttc tctacctcta 
ccttgagaaa cggtctcgat acaatgaatc tattttcttt tactactact actaccttga 
aaacLgtgg tittccaaaa ectagaagtg acagttaact etCgcttcta ataCga 476 

<210> 10 
<211> 475 
<212> DMA 
<213> Rac cOMA 



300 
360 
420 



60 
120 



tcccccaaca^ctgtcaccac tcattgaagg aaacaaaagc tgctggagac caacatttaa 

cSgtSgcc talclaggac ttccaaccag gcagcacaga gagcacgcag tcagttgaag 120 

SStccltc tttccalStg gcagtccaat ccctgcaggt aaatgtgtgt ccatgtgtgt 180 

ctocctccat ccccacacgc acgtgccatg gaagtcagga gagagcactg gaatccccgg 240 

aalSSaJt Icggtcggat gtgagctgcc tgatgtggtg ttagggacta gattcaggtc 300 

cStggtaga tcScS?t: 2t|g|gagcc atctttccag ctcctggctc tgcttctgat 360 

;^=^||tcgc agalagccct caaacctacg tccgacaagc caagagcacc ggcctgctcc 420 

IctgltaSt gggaaattca aagctcatac agaaactatc aaagccagtc cttcc 47S 

<210> 11 
<211> 492 
<212> DNA 
<213> Rac cONA 

ccoagtagaraiigtgctgg tgtatgtccc catgcaccaq tcaagttttc atgctttgtc 60 

tgSltg?g? W?g?acl? a|acaaacac taatgctaat gctcctaact atgtggactc 120 

ttlaScccct gcttctgaga ctgtctcgga tgtccttttt gtagccgaac cgcttttcat 180 

at^SgHS Scggggala tgtgaacgtt aaaggaacag ctaagcgacc atgaaatgaa 240 

JaSiSS ?ct?ttgagc tcagagtgat caggaatgac ctcttaggag actgccgctg 300 

SScSct? SgctcaStg tct|tgtgct tgcacagcct gcagctggag caaccttggt 360 

|?gctgl"? SIccatggI agtggccgcg ccaggcagtg ccagcttgtg gggtagtcac 420 

StSctcl StctaSgl actgtacgct ttcacaaagg agaaatgcta gcatcccagt 480 
ccctcgtccc at 

<210> 12 
<211> 729 
<212> DMA 
<213> Rat CDMA 

aaaaaaa^tg^cigagaaaat gagcatcatt tctcaaggtt tttatttccc tgatctacaa 60 

l^l^^^tlr S?2ttcta gctgcagttc tcaccgatca ttcaccactc agcagctggt 120 

iSSfgtS ScScctgg SaLalctg cagggctgca gagatgaatt acattttcgg 180 

JIa?aalact SSfgtac? ctcgcgccag tcgaggaggc aatgctagcc ctagccatgg 240 

??cS?gSgc cc^aagcaga agclctgggc aaagaagggc tcgtcagacg agctgcaggc 300 

tSSlSSg ccSclcgIc ggcagcagat agttgcacct tcactcgaag acacagctct 360 
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4 



atcgactgca tcccggcagc caccagcccc acccaggcaa cacgacactc gttgaaacta 420 

tttccagcac acccacaczc acatrcgctt tgctacgatg tcccaatgca gatttacrtt 480 

taaaaatgag tctaccgcat: cgttatctcg gcactcaaat cttacgtcct agtccaccta S40 

tgcaggtctc tagcacagaa gggaaacgga aaacattccc ccttacgcca tgtaaCacta 600 

aacaaaacag tctcccaccc tactaaatgg ettctctaga aatgcaaagt cattaacatg 660 

tgagttaaac ccaagccaac gctcatceta tttttagacg gtgtcaaacg etgcgaagaa 720 

•tgatgcttg 729 



<210> 13 
<211> 774 
^212> DKA 
<213> Rat cONA 



<400> 13 

aggactcctc taaaaaaagt aCgggacatt agattccatc acttccatta tgtcctataa 60 

gatgccttta aagaagaacc agccatgttc tcttcatctt ctcttctcta ageuitggcaa 120 

tggtagggtg tggtcaagaa ggctcacacc aagaccactg aggctctgag gagcagcact 180 

gtggcccagc tcccccaggg acgcacttga gaagacaggc cagggaaaeg gtggtgcaca 240 

gttgtggacc tggagccggc tgctctctgg gtttgcaggg ctgtctcatc gtatgcttct 300 

gttgttcttc ctgctggagg agtgtctagt catgtcagct tataaaaggc agcctctcag 360 

gaagccagtg tgtgttgttt gcccctctgt ggtcacctag gctgaggaag actgtgggat 420 

ggcacagcag tgacatttcc ctaagtcggg gacggagagg tggcccaggc ttgagctctc 480 

cttrccaccct cgctttctga tctgtgtgca gtggttgctc cccaatgcct gaggttcgcc 540 

agattcctgg tgggcagaag cagccttgaa tgaaagttag aactggatcc ccgccagcat 600 

agagagaagc aggtccggga cccagaaaga acagtgatta aaaacataaa aataaaagaa 660 

acaccattaa tcagacccat gtataagccc tagagtctgt cgctaaaaac acatgttgac 720 

actcccctca gagaagagtc aataacaaga gtcaaaataa actctttgta aata 774 



<210> 14 
<211> 610 
<212> DNA 
<213> Rat cDNA 



<400> 
attttttttt 
cagct2Laaaa 
ggtcgccaat 
ttaacaacgt 
cctaagctgt 
tgatgataag 
cccctagccc 
ggctggcttg 
tagtgccttg 
cctctgactt 
ccctgggtat 



14 

taattttttt 
gctaccactg 
ccatttactt 
cgaatgaaag 
ttggtccaag 
caccaattct 
gccttcccag 
acaatcactc 
cacgttctgc 
ttctctaaat 



tccctttctg 
ggagagtgat 
ggcaaactca 
gcatttcatc 
ccatctcaag 
cccttttctc 
ctggggtttc 
tgcaggtgca 
aaaaggaaaa 
cctatttccc 



tatactcagg 
gcagaaaaaar 
aaagtgaagc 
ttggggctgt 
tgcttcagca 
tccccgacat 
caaatcaagt 
aattaaccca 
ccatgccgca 
ctgatgtgag. 



agtaaagaca 
aatgtcttgc 
gaggcccagc 
taagtcgaaa 
ccaggtaggg 
agaactccag 
ttcaccgagg 
tttgcttcat 
gcaaaaataa 
eiaatagggta 



gtattgctct 
actgctctgc 
ttgtccctgt 
tcgaataacg 
ctttctccgc 
cctgctgagt 
actgtcacct 
gaatttcaaa 
tacacgtgta 
tctatgacct 



<210> 15 
<;211> 677 
<212> DNA 
<213> Rat cDNA 

<400> 15 
tactttattt tttatctatt 
asLagcaatgt taatacaata 
taaagctcag tgttgatgta 
caacggcaca agccatttaa 
agtttttaaa aatacgaatg 
atacattttc tgaaagcaca 
tttcccaatt acagttatta 
gagtcagagc ctcctgtctg 
atcgagttga ggaaaatcaa 
gaagctgtca catggcagtt 
aatgagtttc cttagagcaa 
aatcttcctc tggggcc 



tgctcacctc 
tcagcacccc 
tgccccgccc 
agctcaaaaa 
taactatagt 
aacagaagtc 
acaagctcat 
acttctagaa 
gcaggtagat 
cctcagggtt 
agaatttctg 



cagattttct 
cactttaagt 
ctttcgagcc 
taccaaaagc 
gccaaaggta 
tgacaaatct 
tcgtgttagc 
'acagaggtga 
gatctgatgg 
tcagaaagag 
acagtgacag 



acaacaattt 
aagccaactg 
acataattag 
actctaaaag 
agcttctatt 
attgactaca 
aagctggaga 
gctctaggac 
tgctcgcaca 
ggcactgctc 
cttagaaact 



tgctcacttt 
taaggacatt 
cagaagttca 
aaaaaaatca 
tacttcaaga 
aggattttgt 
taaggataga 
ttaggcaccc 
gccaggtgct 
acccaaatga 
tggacaaaaa 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
610 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
677 
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<210> 16 
<211> 288 
<212> WK 
<213> Sat cOEA 

ggtgagggga cag^gc ^gSSc tSSgiagt gga^gilga gcaggagaaa 180 
cattgggtgt tgagagtatg *2eS««g gaagtgagaa taggtgggag agcatgagag 240 

SSS^ 

<210> 17 
<211> 356 
<212> OKA 
<213> Bat cDBA 

<406> 17 «,..ffcctato aggttccagt attgatagag tagcagaaac 60 

gcaacaggat atctgagagg g^ccctatg JW^J attLcaagc aaagaagcat 120 
cagaggcctt aagcca^ SS^SS 5Sgact?tt tttcttttag gggaggttca 180 
ggacaaaaga gaatactata Mtacatgac gtgaaattca caaagaacca 240 

agggggtatt S^tgagttaa |^ggtcag ^^ ^^^^ gatttagctc 300 

l^^ll cgcSgS^I Sc^^igcacaa S^ccctgggt ttggtcccca gctcca 



